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Abstract
BACKGROUND—The course of denim sandblasting silicosis is unknown. We aimed to 
reevaluate former sandblasters studied in 2007 for incident silicosis, radiographic progression, 
pulmonary function loss, and mortality and to examine any associations between these outcomes 
and previously demonstrated risk factors for silicosis.
METHODS—We defined silicosis on chest radiograph as category 1/0 small opacity profusion 
using the International Labor Organization classification. We defined radiographic progression as 
a profusion increase of two or more subcategories, development of a new large opacity, or an 
increase in large opacity category. We defined pulmonary function loss as a ≥ 12% decrease in 
FVC.
RESULTS—Among the 145 former sandblasters studied in 2007, 83 were reassessed in 2011. In 
the 4-year follow-up period, nine (6.2%) had died at a mean age of 24 years. Of the 74 living 
sandblasters available for reexamination, the prevalence of silicosis increased from 55.4% to 
95.9%. Radiographic progression, observed in 82%, was associated with younger age, never 
smoking, foreman work, and sleeping at the workplace. Pulmonary function loss, seen in 66%, 
was positively associated with never smoking and higher initial FVC % predicted. Death was 
associated with never smoking, foreman work, number of different denim-sandblasting places of 
work, sleeping at the workplace, and lower pulmonary function, of which only the number of 
different places worked remained in multivariate analyses.
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CONCLUSIONS—This 4-year follow-up suggests that almost all former denim sandblasters may 
develop silicosis, despite short exposures and latency.
Denim-jean sandblasting is a recognized cause of silicosis, and many cases, some with fatal 
outcomes, have been reported from different centers in Turkey.1-7 Our previous work 
demonstrated that among former denim sandblasters who were exposed to silica for at least 
1 month and who had a latency period of at least 10 months, 77 of 145 subjects (53%) had 
silicosis in 2007,6 based on the International Labor Organization (ILO) classification of 
radiographs of pneumoconioses.8
In the current study, our primary aim was to reevaluate these former sandblasters who had 
terminated occupational exposure to silica dust prior to 2007, to determine whether the 
number of cases meeting diagnostic criteria for silicosis had increased in the absence of 
continued exposure. Second, we aimed to investigate other health outcomes (radiographic 
progression, pulmonary function loss, and mortality) among the subjects and to examine 
associations between these health outcomes and risk factors that had been individually 
associated with silicosis in the earlier cross-sectional study,6 including exposure duration, 
foreman status at work (a marker of higher exposure than apprentices), and number of 
denim-sandblasting workplaces in which they worked.
Materials and Methods
Study Population
The source population of this study consisted of the 145 former denim sandblasters who had 
interpretable chest radiographs and spirometry tests when studied in 2007.6 In 2011, a 
temporary national law in Turkey gave a right to compensation to all uninsured patients with 
silicosis. Thus, we invited all the denim sandblasters in our source population, regardless of 
a prior silicosis diagnosis, to our tertiary-care university hospital to participate in our follow-
up study. We offered assistance in preparing an official application for compensation. For 
the nonrespondents to our follow-up, we ascertained vital status with our hospital records 
and the online Death Declaration System of the Turkish Health Ministry. We included those 
who died between 2007 and 2011 in this study. All living participants gave their written 
informed consent, and the local ethics committee approved the study protocol (registration 
number 2011/37).
Study Procedures
For baseline evaluation, we used the findings of the 2007 study.6 In a 2011 medical 
interview, we confirmed that all participants being reevaluated had no further exposure to 
silica dust. The same technician conducted pulmonary function tests in 2007 and 2011 using 
the same computerized spirometer (Vmax22; SensorMedics Corp),6 recording the best 
FEV1, FVC, and FEV1/FVC ratio among three acceptable efforts. We calculated FEV1 % 
predicted and FVC for age, sex, and height.9
Standard posteroanterior chest radiographs of all living participants were taken at maximal 
inspiration and evaluated according to the ILO classification.8 Three experts independently 
evaluated 2011 chest radiographs, blinded to the 2007 ILO reading and clinical data of the 
Akgun et al. Page 2













participants. Any disagreement was resolved by consensus. Small-opacity profusion was 
classified into four main categories (0 to 3) and 12 subcategories, and the ILO categories 
and subcategories were used as indices of disease severity.
We defined silicosis on chest radiograph as a profusion of small pneumoconiotic opacities of 
ILO category 1/0 or higher.8 We defined radiographic progression as (1) an increase in 
small-opacity profusion of two or more subcategories (ie, from 0/0 to 1/0 or from 1/2 to 
2/2), or (2) the appearance of one or more new large opacities (A, B, C), or (3) an increase in 
large-opacity category (from A to B or from B to C).8 Pulmonary function loss was defined 
as a ≥ 12% decrease in FVC, with guidance from longitudinal interstitial lung disease 
research,10,11 between 2007 and 2011. All deaths were attributed to silicosis or related 
complications.
Statistical Analysis
We used SPSS Statistics soft ware, version 20 for Mac (IBM Corporation), for statistical 
analyses. The Pearson χ2 test and the Mann-Whitney U test were used to compare 
categorical and numeric values, respectively. We used binary logistic regression to test for 
associations with predetermined risk factors. A P value < .05 was considered statistically 
significant.
Results
Of the 145 denim sandblasters studied in 2007, the follow-up study included 83 men 
(57.2%), of whom 74 had both interpretable chest radiographs and valid spirometry in 2011 
and nine (6.2%) had died (Fig 1). In comparison with the nonparticipants in 2011, the study 
group had less history of working as a foreman, history of sleeping at the sandblasting work 
places, and smoking pack-years (Table 1). Nonparticipants and participants had similar 
pulmonary function in 2007, but living participants tended to have more small and large 
pneumoconiotic opacities on their 2007 chest radiograph (Table 2). The mean age (± SD) of 
living participants was 27 ± 6 years in 2011. The mean age at death of the nine who had died 
during the follow-up period was 24 years (range, 18-29 years).
The proportion of living participants with silicosis increased from 55.4% to 95.9%. 
Radiographic progression and 12% pulmonary function loss were observed in 82% (n = 61) 
and 66% (n = 49) of participants, respectively. Between 2007 and 2011, both the small-
opacity profusion and the presence of large opacities increased significantly. Three 
examples of radiographic progression are shown in Figure 2. ILO classifications in 2007 and 
2011 are shown in Figure 3 for each participant. Table 2 presents the 2007 classification 
results for nonparticipants, those who had died, and living participants, along with 2011 
classification results for living participants. Eight of nine decedents (88.9%) had severe ILO 
category 3 disease in 2007, significantly higher than both nonparticipants (P < .001) and 
living participants (P < .001). Decedents were also more likely to have had large opacities in 
2007 compared with those who were restudied in 2011 (44.4% vs 10.8%, P < .01), as well 
as nonparticipants (44.4% vs 3.2%, P < .001).
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Data on FVC % predicted in 2007, along with the change measured in 2011 for the living 
participants, are shown by participant in Figure 4. All but eight participants had a decrease 
in FVC % predicted (89%), and the mean change in FVC % predicted for the 74 was −19.7, 
with a range of −67.0% to 21.0% predicted. For FEV1, all but six had a decrease in FEV1 % 
predicted, and the mean change in FEV1 % predicted was −25.3, with a range of −86.0% to 
25.2%. For living participants, the mean FEV1 % predicted (± SD) was 100.3% ± 22.1 in 
2007 and 74.9% ± 24.4 in 2011. The comparable mean values for FVC % predicted (± SD) 
were 98.7% ± 20.6 in 2007 and 79.0% ± 20.7 in 2011.
Comparison of 2007 characteristics of the participants by radiographic progression, 12% 
loss of pulmonary function, and death is shown in Table 3. In multivariate analyses, the only 
statistically significant relation we found for any of the health outcomes and for the 
predetermined risk factors for silicosis found cross sectionally in our 2007 study was 
between mortality and number of sandblasting places of work (OR, 3.16; 95% CI, 
1.46-6.85). The other predetermined risk factors—exposure duration and foreman work 
status—did not enter multivariate models for any of the health outcomes.
Discussion
The most important findings of our study were the high incidence of silicosis and 
progression of silicosis without further exposure to silica dust among the former denim 
sandblasters. The silicosis prevalence rate for the 83 subjects with follow-up testing or vital 
status determination in 2011 increased from 60.2% (n = 50) to 96.4% (n = 80) in a 4-year 
period, after mean occupational exposure of < 3.5 years and a mean latency since first 
exposure within 11 years. Of those who did not die of silicosis, most had two-subcategory 
radiographic progression (82%) or pulmonary function loss ≥ 12% in the FVC (66%). In 
fact, of the 74 surviving participants, only one had neither any progression of radiologic 
abnormality nor any pulmonary function loss.
Our study is unique in describing the radiographic course of silicosis in denim sandblasters 
and having a 4-year follow-up period. The only other follow-up study of denim sandblasters, 
at 29 (SD, ± 20 months), showed all pulmonary function test and % predicted values 
declined in acute and accelerated silicosis and only diffusing capacity of the lung to carbon 
monoxide declined in chronic silicosis cases.12 Our findings extend what is known about 
pneumoconiosis radiographic progression and pulmonary functions over time without 
further exposure and about impairment of lung function with radiographic progression.13-16 
Although we had diagnosed some patients with acute silicosis among the former denim 
sandblasters in the past, they died before the 2007 study3,6; thus, this study only includes 
cases with accelerated silicosis.
In univariate analyses, we determined that younger age and younger age at first silica 
exposure were significantly associated with radiographic progression. Because smoking 
history and smoking pack-years were associated with older age (data not shown), those with 
progression in radiographic and pulmonary function indexes and those who died were less 
likely to have ever smoked; those who died had significantly fewer mean pack-years of 
smoking. Radiographic and 12% pulmonary function deterioration, and mortality were 
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associated with working as a foreman and with sleeping at the workplace, during which 
workers had passive silica exposure, resulting in around-the-clock exposure. Mortality also 
increased with number of places in which they had worked, which may reflect turnover from 
workplaces with poorer conditions.
In addition to silicosis, this sandblaster population has contributed to studies of other health 
conditions associated with silica exposure and affecting their quality of life. These include 
eye and upper airway problems17; pneumothorax, even bilateral18,19; and TB.20 Also, 
psychologic problems are common,21,22 in that many patients have relatives or friends who 
have died of silicosis, and they know that there is no long-term curative treatment of the 
disease except for lung transplantation.23
Producing fashionable worn-out jeans by sandblasting of denim began in Turkey after 1992 
and reached its peak around 2000.6 Following the death of the first two cases and emergence 
of other silicosis cases,1-6 the public started to realize the magnitude of the problem and 
most of the workers quit their jobs. In response to public indignation, the government 
provided patients with silicosis free access to health care and banned the process of 
sandblasting with silica abrasives in 2009. Since many patients with silicosis had no health 
insurance and were too impaired to work, the government provided compensation via a 
temporary law valid for a 3-month period for workers who had previously worked in 
companies in which ≥ 15% of the workforce had developed silicosis. This law did not cover 
the families of workers who had previously died or workers who had not progressed to 
silicotic impairment at the time of the law’s passage. Of the applicants with a valid 
application for compensation and diagnosed with silicosis in 2011, only 48% received 
disability compensation.24 Our study shows that silicosis progresses with time in the 
absence of exposure and that such temporary laws will not cover all the workers at risk who 
have not yet developed impairment from the disease.
Although Turkey banned sandblasting of denim jeans, the occupational health consequences 
are global as long as sandblasted jeans are sold, because production has shifted to other 
countries, including Bangladesh.25 Another preventive approach would be for clothing 
manufacturers to clarify their policies on purchasing sandblasted denim in light of the 
mortality and morbidity from silicosis associated with this process in the global supply 
chain.25
Our study was limited in that we were not able to recruit 62 of the 145 workers evaluated in 
2007. Some of the nonparticipants may have sought evaluation at other academic medical 
centers; one is equidistant from their village. The nonparticipants differed from study 
subjects in having higher proportions of foremen (92%) and those who slept in the 
sandblasting workplaces (92%), both characteristics associated with worse health outcomes 
among those who were reassessed in 2011. We conclude that our participant sample may 
have underestimated the burden of silicosis and its progression in the entire cohort evaluated 
in 2007. With the small numbers of decedents and participants, we had limited statistical 
power to demonstrate differences in determinants of health outcome, if they existed, in 
several indices of exposure risk, such as exposure duration and time since first exposure.
Akgun et al. Page 5













Another limitation of our study was the lack of clinical laboratory evidence of the 
prevalence of mycobacterial infection in this population. Without sputum smear and culture 
results, we could not be confident of radiologic differentiation between silicosis and 
pulmonary TB. Some participants had past physician misdiagnoses of TB before physicians 
became aware of possible silica exposure in these patients. For this reason, we did not seek 
participant report of prior TB diagnosis and cannot evaluate any influence of mycobacterial 
infection on disease progression.
The strengths of the study lie in the comparability of measurements at the 4-year interval. 
The same technician used the same pulmonary function equipment to assess progression of 
respiratory impairment. Two of the three physicians providing ILO classifications of 
radiographs had previously read the 2007 chest radiographs and performed the 2011 
readings independent of each other and without reference to the earlier reading or 
physiology. Vital status determination was robust, using national resources. Finally, the 
community-based recruitment of former sandblasters in 20076 allowed a composite picture 
of morbidity from silica exposure in many workshops, substantiating an industry-wide risk. 
Indeed, mortality was associated with the number of workplaces in which sandblasting had 
been performed, likely reflecting variable work conditions across the industry that may have 
motivated former sandblasters to move from poorer establishments to somewhat better ones.
Conclusions
Our results suggest that almost all former denim sandblasters will develop silicosis, and that 
progression of impairment to disability is expected over time. Thus, temporary 
compensation is insufficient in Turkey, and global measures to prevent silicosis of workers 
in this industry are needed.
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Figure 1. Flowchart. The 83 former sandblasters reported in the current study included 74 living 
participants who had new chest radiographs and pulmonary function tests in 2011 and nine who 
were deceased
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Figure 2. A-C, Chest radiographs showing progression in three different cases. A, Incident small 
opacities to International Labor Organization subcategory 3/2. B, Incident small opacities to 
category C large opacity. C, Progression of large opacities from category A to category B
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Figure 3. Radiographic progression during the follow-up period by individual participants 
showing International Labor Organization small-opacity profusion and large-opacity category 
on the vertical axis. Large-opacity categories A, B, and C are indicated by bars of lengths 1, 2, 
and 3 units, respectively. Decedents are indicated in the top row on top of the appropriate 
histogram bar
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Figure 4. Pulmonary functions (FVC % predicted values) by individual participants in the study 
group, with the same numbering system as used in Figure 3. Light gray bars indicate the 2007 
value for decedents, indicated in the top row above the appropriate histogram bar. Hatched bars 
indicate a 2011 increase in the 2007 value. Dark gray bars indicate the magnitude of decrease of 
pulmonary function in 2011 compared with the 2007 value, the latter being the sum of light gray 
and dark gray bars
Akgun et al. Page 11

























Akgun et al. Page 12
TABLE 1
Characteristics in 2007 of Denim Sandblasters by Nonparticipants and Those Whose Vital Status and Medical 





2011 (n = 83)
Age at first admission, y 23 ± 5 23 ± 6
First exposure age, y 17 ± 6 17 ± 5
Ever smoker 46 (74) 58 (70)
Smoking, pack-y
a 7.1 ± 4.6 5.0 ± 4.9
Exposure duration, mo 35 ± 24 41 ± 27
Time since first
 exposure, mo
78 ± 35 81 ± 37
Working as a foreman
a 57 (92) 58 (70)
Months as a foreman 32 ± 28 31 ± 29
Places of work, No. 3 ± 2 2 ± 1
Sandblasting
 devices, No.
4 ± 1 4 ± 1
Sleeping at workplace
a 57 (92) 51 (61)
FVC, L 4.37 ± 0.96 4.47 ± 1.08
FVC, % predicted 93.6 ± 22.8 95.6 ± 21.9
FEV1, L 3.82 ± 0.90 3.83 ± 1.00
FEV1, % predicted 94.5 ± 23.1 95.9 ± 25.4
FEV1/FVC % 86.8 ± 9.4 86.4 ± 9.5
Data presented as mean ± SD or No. (%) unless otherwise stated.
a
P < .05.
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 (n = 62) Decedents
c
 (n = 9) Participants (n = 74)
Year of data 2007 2007 2007 2011
Category 0 35 (56.5) … 33 (44.6) 3 (4.1)
 0/− 27 … 25 …
 0/0 1 … 2 1
 0/1 7 … 6 2
Category 1 14 (22.6) 1 (11.1) 20 (27.0) 24 (32.4)
 1/0 5 … 14 4
 1/1 5 … 4 10
 1/2 4 1 2 11
Category 2 8 (12.9) … 8 (10.8) 22 (29.7)
 2/1 1 … 3 4
 2/2 0 … 2 9
 2/3 7 … 3 9
Category 3 5 (8.1) 8 (88.9) 13 (17.6) 25 (33.8)
 3/2 3 1 4 6
 3/3 2 1 3 7
 3/+ … 6 6 20
Large opacities 2 (3.2) 4 (44.4) 8 (10.8) 18 (24.3)
 Type A … 2 4 3
 Type B … 0 3 3
 Type C 2 2 1 13
Overall category data given as No. (%); subcategory data given as No. ILO = International Labor Organization.
a
The small-opacity profusion category and the presence of large opacities were both statistically significantly different between decedents and both 
participants (P < .01) and nonparticipants (P < .001) and within participants studied in 2007 (P < .001) and reevaluated in 2011 (P < .001).
b
Participants from the 2007 study who were not included in the 2011 follow-up. Data listed from these participants are from the 2007 study. These 
participants were not included in the follow-up because they had no new chest radiograph or pulmonary function test to evaluate.
c
Participants from the 2007 study who were deceased at the time of the 2011 follow-up.
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